I ntestinal epithelial barrier function and Crohn's disease are intimately related. An impaired barrier in association with active inflammation leads to increased exposure of the mucosal innate and acquired immune system to proinflammatory molecules. This has been implicated as a major driving force for mucosal inflammation. In active disease, macromolecules can permeate the barrier at an increased rate via, for example, breaks in the integrity of the epithelium (ulceration, erosions, or nests of apoptotic cells) 1 via increased pinocytotic uptake of luminal proteins, 2 3 and via increased proportion of M cells in the terminal ileum. 4 Impaired barrier function may precede the clinical development of the disease and might represent a marker of increased susceptibility to Crohn's disease. This notion derives from observations made in several centres using different techniques that paracellular permeability is abnormal in 10-20% of first degree relatives of patients with Crohn's disease. [5] [6] [7] [8] [9] [10] That this reflects exposure to an environmental factor is supported by the observations from three studies that increased intestinal permeability is also found in 13-36% of spouses of patients with Crohn's disease. 8 9 11 Tumour necrosis factor a (TNF-a) and Crohn's disease are intimately related. Mucosal levels and inflammatory cell production of TNF-a are elevated. Therapy with monoclonal antibodies to TNF-a, such as infliximab, leads to a rapid reduction in inflammation and healing in many patients, and remission can be maintained with ongoing therapy. [12] [13] [14] The spectacular effect of infliximab has been attributed not only to its ability to mop up TNF-a but also to induction of apoptosis in activated T cells. 15 TNF-a and intestinal epithelial barrier function are also intimately related. TNF-a increases paracellular permeability via an effect on the tight junctions. 16 While it is theoretically possible that TNF-a may also increase paracellular permeability by induction of epithelial apoptosis, evidence is scant. TNF-a suppressed the expression and activity of the intestinal p-glycoprotein MDR-1 in an intestinal epithelial cell line, 17 an effect that would impair the efflux of xenobiotics taken up by epithelial cells. 18 It also may play a role in facilitating bacterial translocation across the epithelium, as recently demonstrated in glutamine starved Caco-2 cells. 19 In this issue of Gut, Söderholm and colleagues 20 extend the role of TNF-a by demonstration that expression of mRNA for TNF-a in mucosa correlates with endosomal uptake of horseradish peroxidase (HRP) in resected ileal mucosa mounted in Ussing chambers (see page 1813). A causal relationship was suggested by experiments with T84 cell monolayers where relatively low concentrations of TNF-a increased uptake of HRP. In other words, evidence now implicates TNF-a in global impairment of intestinal barrier function, including leakier tight junctions, increased uptake of proteins from the lumen, and less efficient efflux of foreign substances from the cells, all favouring increased permeation of luminal macromolecules to the lamina propria.
All of these associations raise the key issue of whether TNF-a is the link between the leaky gut and Crohn's disease. Intestinal permeability in patients with active Crohn's disease normalises following successful anti-TNF (infliximab) therapy. 21 However, this observation may simply reflect healing of the injured mucosa independently of the mechanism by which it was achieved, and does not resolve this issue. The real answers may be found in understanding the mechanisms responsible for the reduced barrier that occurs across the intact epithelium, such as that observed in first degree relatives and spouses of patients with Crohn's disease.
It is first necessary to consider the more general issue of what aspects of barrier function clinical measures of intestinal permeability are actually assessing. Permeability probes used all measure predominantly the efficiency of the paracellular route. 22 There are no readily applicable clinical measures of transcellular permeability. Yet the luminal proinflammatory molecules and bacteria, which induce mucosal inflammation, are likely to traverse the physically intact epithelium via the transcellular rather than paracellular route. Despite the likelihood that these routes of uptake are independently controlled, relatives of patients with Crohn's disease who have elevated paracellular permeability exhibit evidence of excessive antigen exposure, suggesting that more than just paracellular pathways are leaky. 23 In other words, it appears that measures of paracellular permeability in this setting are reflecting general barrier dysfunction not just that between cells, and that a common mechanism needs to be invoked. The findings of Söderholm et al that histologically normal mucosa, albeit in patients with severe Crohn's lesions nearby, exhibited elevated endosomal uptake of the marker protein the marker prtoeinin association with an increase in TNF-a mRNA and presumably epithelial exposure to TNF-a, 20 might suggest TNF-a as a candidate. A similar situation of increased intestinal epithelial exposure to TNF-a might also occur in first degree relatives with elevated paracellular permeability as evidence for subclinical inflammation of the bowel in this population has been reported. 24 It is feasible that interactions between the lumen and epithelium in association with, for example, microbial dysbiosis or changes in the soluble component of luminal contents, might lead to induction of TNF-a production and secretion by subepithelial lamina propria cells, with a subsequent diffuse increase in exposure of TNF-a to intestinal epithelium, but without clear histological abnormalities.
Another issue that arises is how the epithelial effects of TNF-a fit into the mode of action of infliximab in inducing remission, in healing the mucosal lesions, and in maintaining remission. That TNF-a is a cytokine of major pathogenic significance in Crohn's disease is incontrovertible, as shown by the powerful and rapid healing response to infliximab and maintenance of remission in many patients with moderately severe disease. It has been generally believed that the remission inducing effect of infliximab is the result of taming activated T cells, possibly via induction of their destruction by apoptosis. 15 In active Crohn's disease, it is likely that epithelium distant from the major inflammatory lesion is being exposed to increased amounts of TNF-a and that therapy with anti-TNF-a regimens will minimise that exposure and correct potential abnormalities of permeability. Reducing a widespread leaky gut might have a greater effect on well being than we currently appreciate. The mechanisms by which anti-TNF-a regimens maintain remission may also involve epithelial effects rather than or in addition to direct effects on immune and inflammatory mechanisms.
Thus recent studies indicate a potentially more expansive role for TNF-a in intestinal homeostasis, barrier function, and pathogenesis of intestinal inflammation in Crohn's disease. Caution however must be exercised in the interpretation of many of the recent observations, particularly as they are very dependent on results from experimental studies in cell line models of epithelium or from observations in tissue from patients with advanced disease. It will be of key importance to assign an in vivo relevance to many of these findings before speculation can be converted to real understanding. Nevertheless, it is an appealing unifying concept that TNF-a is a major mechanism underlying global barrier dysfunction in Crohn's disease, both early and late in its pathogenesis. 
Multiple endoscopic retrograde cholangiopancreatographies
(even three or more) for recurrent bile duct stones appear to be safe and effective. Late complications are relatively frequent but are endoscopically manageable I n 1974, Professors Meinhard Classen (Germany) and Keiichi Kawai (Japan) independently published their pioneering experience of endoscopic biliary sphincterotomy (EBS). 1 2 This bold innovative work was performed in the face of considerable antagonism from the surgical community, which considered that endoscopists had no business in the biliary tree, traditionally regarded as surgical ''turf''. In the 30 years since, countless thousands of patients have benefited from EBS, being spared major surgical and radiological procedures. That an electrosurgical incision of a centimetre or less can have such beneficial effect is testament to the ingenuity of the pioneer endoscopists and their partners in industry. EBS is now an everyday event in endoscopy units around the world, the great majority being completed safely and achieving the desired goal. Indeed, we tend to take EBS for granted. The recent National Institutes of Health Consensus Conference Panel deemed endoscopic retrograde cholangiopancreatography (ERCP) and EBS to be essential tools in the management of patients with acute cholangitis, pancreatitis, and choledocholithiasis. 3 EBS has been shown to be safe and effective in experienced hands but it is undoubtedly associated with both short and long term complications. 4 Recurrent bile duct stone formation is not uncommon following EBS. The literature suggests an incidence ranging from 4 % to 24%. 5 6 Further ERCP with extension of the previous sphincterotomy is often the treatment of choice in patients with recurrent choledocholithiasis but little is know of the long term results and complications of this treatment. In this issue of Gut, Sugiyama and colleagues 7 attempt to address these questions (see page 1856). In a retrospective review of ERCP cases seen between 1977 and 1998, the authors identified 84 patients who required repeat ERCP (with or without EBS) for recurrent bile duct stones. Over a mean follow up period of 11.7 years, 31 of 84 patients (37%) developed complications, including choledocholithiasis, cholangitis, and cholecystitis. The rate of recurrent stone formation was 31%. Twenty one of 26 patients (81%) with recurrent choledocholithiasis and four patients with acute cholangitis required repeat EBS. Three of these patients (10%) went on to develop a further recurrence of biliary stones, two being treated by further EBS. Using univariate and multivariate analysis, the authors found that ''late'' biliary complications of EBS were associated with the following risk factors: interval between initial EBS and second EBS ,5 years, bile duct diameter .15 mm, and the presence of a periampullary diverticulum. They concluded that multiple ERCPs (even three or more) were safe and effective. They advocated careful follow up for patients with identifiable risk factors.
The authors' data are interesting but are their findings in agreement with the existing literature on EBS? The rate of late complications of EBS in this series was 31%, significantly higher than previously reported. Indeed, the same group of authors previously reported a long term complication rate of 9.7% in a study that included 100 patients followed for a mean of 14.2 years. 8 In a separate study, with a mean follow up of 15 years, late complications were seen in 24% of EBS patients. 4 A possible explanation for this discrepancy is selection bias: inclusion of patients requiring a second ERCP may have biased the study in favour of biliary pathology. There may also have been unrecognised patient factors that predisposed some individuals to be ''stone formers''. At the time of repeat ERCP, the authors noted the presence of a ''non-enlarged biliary orifice'' in 49 of 84 patients (58%). We believe that it is wrong to equate this appearance with papillary stenosis. A small sphincterotomy site may still be sufficient to allow bile to drain unimpeded into the duodenum. However, if we accept that these EBS sites were indeed stenotic, then we must ask why this complication was so common. Were the initial sphincterotomies too small? It is difficult to assess this, as 31 of the patients described had their EBS performed at other institutions. The technical ability and expertise of the endoscopists involved is unknown, further confounding the results. Many years ago, Dr Steven Silvis (Minneapolis) demonstrated in dogs that following EBS, the size of the orifice shrunk by approximately 50% over the first year and then remained relatively stable (personal communication). Referral centres occasionally see patients with symptomatic papillary stenosis following a timid sphincterotomy but we believe that in the last decade this has become an increasingly rare occurrence.
The authors examined a total of 15 risk factors and ultimately identified five that were significant in univariate analysis. These were then entered into a multivariate model which demonstrated three significant risk factors for stone recurrence. Rather than a hypothesis driven approach based on prior published studies, the authors chose to use a more exploratory approach. In the end, their findings were consistent with previous studies. They demonstrated three risk factors for recurrent choledocholithiasis after EBS, two of which (bile duct diameter .15 mm and periampullary diverticulum) had been described previously. 9 10 A new risk factor identified by this study was interval between initial EBS and repeat ERCP ,5 years.
The authors state that none of the patients with bile duct diameters .15 mm had choledochal cysts. One has to ask: how did they know? It can be very difficult to distinguish a dilated bile duct from congenital dilatation of the extrahepatic biliary tree (type I choledochal cyst). 11 Choledochal cysts typically exhibit poor drainage, even after EBS, and are a ''hot bed'' for recurrent choledocholithiasis and cholangitis. The authors talk about periampullary diverticula causing ''compression'' of the distal bile duct. This is at odds with the current consensus that periampullary diverticula promote stone formation by a combination of bacterial overgrowth (with ascending infection) and motility disturbance (sphincter of Oddi dysfunction). This study is limited by its retrospective nature and the heterogeneity of the patient population. One wonders how many sphincterotomies are ''enough''? Urban legend (but no hard data) holds that extending a prior sphincterotomy risks perforation. It seems that repeat EBS does the job (allowing access to remove stones, improving biliary drainage) although in the present study three patients had early recurrence of biliary symptoms after their second EBS.
What about balloon sphincteroplasty as an alternative to repeat EBS?
Unfortunately, it appears that dilating the papilla rather than cutting it does not reduce the incidence of recurrent stones. 12 The overall complication rates of EBS and balloon sphincteroplasty are approximately equal but the balloon technique carries an increased risk of post-procedure pancreatitis. 13 That being the case, most ERCP endoscopists reserve balloon dilation of the papilla for special circumstances, such as coagulopathy that renders EBS dangerous. It would be interesting to know if balloon sphincteroplasty is equivalent to EBS in efficacy for managing recurrent choledocholithiasis after sphincterotomy.
Despite its limitations, the study of Sugiyama and colleagues 7 suggests that late complications of EBS are more common than we imagine. The good news is that repeat EBS manages almost all of these episodes of late cholangitis and recurrent choledocholithiasis effectively. Patients who recurrently develop biliary sludge and stones despite EBS most likely have difficulty emptying a dilated bile duct. Sometimes the best results are obtained by surgery. Typically, a biliary bypass of some variety (for example, choledochoduodenostomy, choledochojejunostomy) will be performed at the end of open bile duct exploration and stone clearance. The presence of a choledochal cyst usually requires resection of the affected segment with a high Roux-type biliary diversion. Elderly patients often sail through anaesthesia and biliary surgery without turning a hair, and should be evaluated by an experienced biliary surgery before being labelled as ''unsuitable for surgery/anaesthesia''. That EBS predisposes to bile duct cancer (cholangiocarcinoma) is another urban legend that this study effectively debunks: none was seen in this study population. Endoscopists since 1974 have been convinced of the old surgical maxim that ''a chance to cut is a chance to cure''. We believe that this study supports that belief, with the caveat that recurrent choledocholithiasis and its complications may be more common than we care to believe. 
Do molecular techniques improve the diagnostic accuracy of brush cytologies of biliary strictures?
A ccurate diagnosis of strictures involving the bile duct is essential to the planning of therapy and the choice of the right treatment option, such as surgical resection or endoscopic stenting. However, differentiation of malignant from benign ductal lesions at endoscopic retrograde cholangiopancreatography (ERCP) remains a challenge.
Although cholangiographic features may be characteristic for malignant or benign disease, in many cases histological or cytological proof of the diagnosis is required to determine the optimal treatment for each individual patient. Histological and cytological tissue diagnoses may be obtained by several methods, including open biopsy, ultrasound or computed tomography guided fine needle aspiration or core biopsy, endoscopic forceps biopsy, endoscopic brush cytology, and bile aspiration cytology. [1] [2] [3] [4] Brush cytology performed at ERCP has become the preferred initial method of pursuing tissue diagnosis in many patients with pancreatobiliary strictures. [5] [6] [7] [8] [9] The technique allows easy and convenient sampling and has a low complication rate. 3 9 10 The diagnostic specificity of biliary brush cytology is very high and few false positive diagnoses have been reported. The major limitation of the technique has been the relatively modest diagnostic sensitivity. The sensitivity rates reported in multiple studies are highly variable and range between 30% and 88%, with nearly 100% specificity. 3 4 9-12 In general, results of brush cytology for biliary strictures induced by pancreatic malignancies have proved to be inferior (on average 46%) to those observed for biliary malignancies (on average 68%). 4 The success rate of brush cytology analyses is largely dependent on two factors: (1) the quality of the cytological material obtained at ERCP and (2) the expertise of the cytopathologist.
The quality of the cytological material is influenced by the processing technique, cellularity, cellular preservation, background, quantity of diagnostic cells, and cells not characteristic for biliary lesions such as duodenal mucosa. 9 Many of these parameters are difficult to control and may require repeated brushings, alternative sampling approaches such as forceps biopsies, 13 14 or changes in sample processing techniques. The fraction of brush cytologies that were non-diagnostic due to reduced quality of the cytological sample has generally been described to be as low as 5%. [10] [11] [12] The study by Wight and colleagues 15 highlights the paramount importance of the expertise of the cytopathologist. In this study, a review of 137 consecutive biliary brushings from 127 patients by two expert cytopathologists improved the sensitivity from 49.4% to 89%. Some of these problems arise from inconsistencies in the criteria used for classification of cells on cytological slides. While morphological criteria for benign and reactive changes of duct epithelial cells and for adenocarcinoma cells are well established and utilised in many studies, 9 problems and inconsistencies mainly arise in the categorisation of lesions not fulfilling all criteria of malignancy. Classification of such cells has been termed to be a ''cytological grey zone'' by Selvaggi 9 and includes categories such as atypical, dysplasia (low and high grade), and suspicious. The morphological criteria used for this classification show significant overlap in various studies, 9 and some authors even include suspicious or atypical lesions in the calculation of sensitivity. [15] [16] [17] Thus comparison of the sensitivity and specificity rates obtained in various studies are hampered by the inconsistencies in the definition of cytological criteria in this ''cytological grey zone''.
In this unsatisfactory situation, ancillary diagnostic modalities have been increasingly tested to improve the yield of brush cytologies. These include flow cytometry for DNA analysis of aneuploidy, 18 19 morphometry for assessing nuclear area, nuclear DNA content, chromatin distribution, 20 21 telomerase RNA, 22 as well as CA-19-9 and CEA measurements 19 in bile fluid. Many of these studies have shown some promising results but are either not widely available or provide only a limited advantage over cytology alone and have thus not led to a significant improvement.
The use of molecular techniques as adjunct to biliary brushing cytology has so far focused on the detection of K-ras codon 12 and p53 alterations.
Immunohistochemistry analyses for p53 protein have yielded contradictory results [23] [24] [25] and are presently not used in the diagnostic routine. Analyses of K-ras codon 12 mutations in brush cytologies have also yielded unsatisfactory results. It has been shown that K-ras mutations are more frequently found in strictures induced by pancreatic cancers and are not, or less frequently, found in strictures induced by bile duct cancers. Van Laethem et al found a sensitivity for biliary disease of 24% in bile duct and pancreatic duct brushings compared with 81% for pancreatic diseases. 26 In the same study, however, K-ras mutations were found in 25% of patients with chronic pancreatitis, without evidence of malignancy even after a short period of follow up, thus reducing the specificity to 72% compared with 100% for cytology. This finding is supported by other studies reporting the presence of K-ras codon 12 mutations in chronic pancreatitis and in normal pancreas [27] [28] [29] without evidence of pancreatic cancer development during follow up. Thus at least for strictures induced by pancreatic diseases, analysis of K-ras mutations is of no additional value as their presence will not provide unequivocal proof for the malignant nature of the stricture. For biliary tract cancers the rates of K-ras mutations reported in the literature vary widely, ranging between 0% and 100%, 30 and the value of K-ras mutation detection in brush cytologies of biliary strictures appears even more conflicting. The location of the biliary tumour (proximal or distal bile duct, intrahepatic bile ducts, gall bladder), racial and geographic variation, as well as the methods used for mutation detection have been assumed to cause these differences in the incidence of K-ras codon 12 mutations. Furthermore, individual reports indicate that at least in patients with primary sclerosing cholangitis, K-ras mutations may as well be detected without evidence of carcinoma, 31 which limits the use of K-ras mutation detection in patients with biliary strictures.
In the context of this unsatisfactory situation, the study of Khalid and colleagues 32 reported in this issue of Gut presents a novel approach for molecular analyses of brush cytologies of biliary strictures obtained during ERCP (see page 1860). As molecular indicators of malignancy, the authors used tumour suppressor gene linked microsatellite marker loss of heterozygosity (LOH) and K-ras codon 12 mutations. An interesting sampling procedure was used employing manual microdissection of normal and abnormal appearing cells on alcohol fixed Papanicolau stained cytology slides.
DNA from two different sampling strategies was used in their study. One was termed ''collective assembly'' (CA) and involved the combination of separate aggregates of abnormal appearing cell clusters of one brush cytology sample to obtain a sufficient number of cells (approximately 1000) allowing direct molecular analyses. As this strategy was assumed to produce an averaging of mutational changes among the aggregated microdissected cells due to intratumoral heterogeneity of genetic alterations, a second approach was adopted. This approach involved the use of a whole genome amplification technique (WGA) of discrete clusters of 50-100 cells, which in theory should represent individual cytological lesions. However, the anticipated drawback of this technique is the introduction of artefacts and a bias due to the amplification step. As a normal control, the authors used either surgically resected non-neoplastic tissue from the same patient, where available, or normal appearing cellular material from the same brush cytology. To verify the validity of the results, the same molecular analyses were done with microdissected material obtained from surgically resected specimens from the same patients where available.
The most impressive result was that the molecular analyses of polymerase chain reaction amplified DNA from microdissected brush cytology cell clusters discriminated reactive from malignant cells with 100% sensitivity, specificity, and accuracy. Minor variations in chromosomal imbalances between the studied cytological samples and the corresponding surgically resected tissue were attributed to intratumoral mutational heterogeneity. Although the study is intriguing and delivers evidence for the potential value of molecular diagnostic tools for the differential diagnosis of gastrointestinal tumours such as pancreatobiliary malignancies, some issues must be kept in mind when assessing the data. Naturally, a study of 26 patients with mixed types of tumours and controls (six pancreatic cancers, 11 cholangiocarcinomas and nine not further defined benign biliary strictures) will always be preliminary and should be confirmed prospectively in a larger series of patient samples obtained in a blinded manner. The approach is based on the detection of abnormal looking cells on cytological slides. The authors define ''abnormal looking cells'' in inconclusive cases as cells fulfilling most, but not all, of the criteria for malignancy such as nuclear enlargement, pleomorphism, elevated N/C ratio, nuclear membrane integrity, and coarse chromatin. This classification varies from the categories used by many other cytologists which usually comprise categories such as suspicious, atypical, or dysplastic, 9 reflecting the lack of standardisation of morphological criteria used to classify cells in this ''cytological grey zone''. As in all cases a sufficient number of cells could be microdissected, there were obviously no non-diagnostic cases in the present study. Ten brush cytologies from biliary strictures were inconclusive in the cytological evaluation; only one was derived from a benign stricture. Eight of nine brush cytologies from benign strictures were negative for malignant or abnormal appearing cells. Thus the presence of abnormal looking cells in cytology alone was sufficient for the diagnosis of malignancy in 9/10 cases with inconclusive cytology and the presented molecular approach helped to exclude malignancy in one case. As mentioned above, some cytologists have used the presence of suspicious or atypical cells in brush cytologies for a classification of positive for malignancy. [15] [16] [17] In the absence of clear definitions and criteria for the classification of these types of cells, this interpretation appears controversial. The molecular approach presented in the study by Khalid and colleagues 32 provides a powerful tool for standardisation of the morphological criteria used to categorise lesions in this ''cytological grey zone''. It offers the possibility of identifying and describing cells that are found to be malignant in the molecular approach thus allowing an increase in the sensitivity of the cytological evaluation.
Unfortunately, this molecular approach offers no solution for nondiagnostic brush cytology samples as it requires identification of abnormal and normal cells. In this situation a technique not requiring identification of intact ''abnormal looking'' cells (for example, by using suspensions obtained from brush cytologies) would clearly be of great value.
A further interesting finding in the study by Khalid and colleagues 32 is the observation that all cholangiocarcinomas in their series did not show K-rascodon 12 mutations in contrast with the majority of pancreatic cancers. As mentioned above, data on the presence of K-ras mutations in biliary tract cancers are controversial and mutation rates reported in the literature show a high degree of variation. 30 Most studies however report that the frequency of K-ras mutations in biliary tract cancers is lower than in pancreatic ductal adenocarcinomas. Nevertheless, it appears that we cannot assume that K-ras mutations are absent in biliary tract cancers, and it even appears that mutations may arise in inflammatory disorders such as primary sclerosing cholangitis. 31 Most likely the observation described in the current study is due to the low number of patients and we may expect to find a low but significant proportion of biliary tract cancers with K-ras mutations with an increasing number of patients. Thus the presence of a K-ras mutation in the brush cytology of a biliary stricture should not lead us to assume that the malignancy must be of pancreatic origin. What is more, as discussed above, the presence of K-ras mutations does not even indicate the presence of malignancy at all, as many patients with chronic pancreatitis show K-ras mutations.
To summarise, the study by Khalid and colleagues 32 represents a significant advance as the presented LOH approach using microdissected cells provides a tool to verify the nature of cells in the ''cytological grey zone'' of brush cytologies of biliary strictures usually classified as suspicious, atypical, or dysplastic using different morphological criteria. It may thus help to standardise the criteria to define cells in the ''cytological grey zone'' and may allow an increase in the sensitivity of brush cytology by clearly identifying cells indicative of malignancy. So far this can only be done by follow up studies of patients or by histological analysis of surgically resected tumours. 
